Almost every bodily movement, from the most complex to the most mundane, such as walking, can generate impact sounds that contain 360° spatial information of high temporal resolution. Given the strong connection of auditory cues to our body actions, and the dependency of body-awareness on the interaction between peripheral sensory inputs and mental body-representations, one could assume that audition plays a specific role in this interaction. Despite the conclusive evidence for the role that the integration of vision, touch and proprioception plays in updating body-representations [1, 2] , hardly any study has looked at the contribution of audition. We show that the representation of a key property of one's body, like its length, is affected by the sound of one's actions. Participants tapped on a surface while progressively extending their right arm sideways, and in synchrony with each tap participants listened to a tapping sound. In the critical condition, the sound originated at double the distance at which participants actually tapped. After exposure to this condition, tactile distances on the test right arm, as compared to distances on the reference left arm, felt bigger than those before the exposure. No evidence of changes in tactile distance reports was found at the quadruple tapping sound distance or the asynchronous auditory feedback conditions. Our results suggest that tactile perception is referenced to an implicit body-representation which is informed by auditory feedback. This is the first evidence of the contribution of self-produced sounds to body-representation, addressing the auditory-dependent plasticity of body-representation and its spatial boundaries.
of the arm by performing before and after exposure to each condition a two-alternative forced-choice 'tactile distance perception' task. Here, participants reported which of two distances between pairs of tactile stimuli, delivered to the test right arm and the reference left arm, felt greater [1] . The results ( Figure 1B) showed that exposure to the tapping sounds with double auditory distance resulted in a significant increase in participants' perceived tactile distance on the test arm. We found no evidence of change in perceived tactile distance in the 0D and 4D conditions. Participants reported feeling that sound and tap originated at the same location in the 2D, but not in the 4D, condition, which may The loudspeakers were covered with a black cloth drape. For the audio-tactile 'tapping' task participants were required to centrally fixate the flashing LED and to tap on the floor at the marked points, pacing their rhythm with the flashes of the LED. The auditory feedback was presented in the Zero Distance (0D) condition, at approximately the same location where the participant tapped; in the Double Distance (2D) condition and in the Double Distance Asynchronous (2DA) condition, at double the distance to the tapping location; and in the Quadruple Distance (4D) condition, at four times the distance to the tapping location. Following significant interactions (see Supplemental Material) between time of test (pre-and post-experimental manipulation) and condition (0D, 2D, 4D and 2DA), we observed that the interactions were driven by a significant difference between the pre-and post-experimental manipulation for the 2D condition only. Planned comparisons (corrected for multiple comparisons) between the means of interest revealed a significant increase in the percentage of judgements that 'test distance was longer than reference distance' from pre-to post-experimental manipulation in the 2D condition, as compared to the 0D condition (t(15) = 2.86, p = 0.012), the 4D condition (t(15) = 2.71, p = 0.016) and the 2DA condition (t(15) = 2.75, p = 0.015). Asterisks denote significant differences between means (* denotes p < 0.017, corrected for multiple comparisons; see also Table  S1 and Figure S1 in the Supplemental Information, available with this article online).
explain the lack of effect on the tactile distance task for the 4D condition. Interestingly, participants did not report for any condition a conscious feeling that their arm extended (see Supplemental Information for detailed  experimental procedures and Table  S1 for full questionnaire data).
An additional condition, Double Distance Asynchronous (2DA), differing from the 2D condition in that randomized delays (300-800 ms) occurred between the participant's taps and the tapping sounds, did not replicate the change observed for the 2D condition, suggesting that synchrony between the altered sounds and the actual taps is critical for this change to occur. Subjective reports revealed that participants neither felt the sound originated at the same location where they tapped, nor that the sound was caused by their own hand tapping, which may explain the lack of effect on the tactile distance task for this condition. Interestingly, participants reported a loss of control of their own test arm as compared to the 2D condition, which supports the hypothesis that the observed audiotactile adaptation may depend on agency. Importantly, manipulating the auditory distance of sounds triggered by externally-generated taps delivered to the participants' still arm did not elicit any changes in tactile distance perception, suggesting an involvement of the kinaesthetic sense in the observed audio-tactile adaptation (see Experiment 2 and Figure S1 in the Supplemental Information). Future studies should further test whether the mere presence of central motor commands is also necessary for the observed effect by comparing directly active to passive movements.
Audition contributes fundamentally to the perception of one's body and its surrounding space through the sounds produced in the space immediately surrounding the head [3] . Self-produced sounds deriving from actions are known to be represented in the action-recognition system [4] and to influence subsequent actions, for example, footstep sounds influence walking style [5] . Our results show that self-produced action sounds can bias the tactile metric perception of external objects in contact with one's body and thus provide evidence for audio-tactile influences on the coherence of body-representations. Audio-tactile integration in the peri-hand space is known to recalibrate as a function of the representation of that space [6] , but to the best of our knowledge this is the first evidence showing that adaptation to audio-tactile conflicts can change tactile perception. These results suggest that tactile perception is referenced to an implicit body-representation which is updated through auditory feedback, presumably by auditory-induced recalibration of somatosensory receptive fields. This mechanism recalls the well-documented receptive field recalibration found in the visual enhancement of touch [2] , as well as the somatosensory changes in body-schema observed after tool-use [7] .
Our results point also to the limitations of the plasticity of body-representation in response to auditory manipulations, because the bias on tactile perception was observed when sounds originated at double, but not at quadruple, the distance at which the actual taps occurred. Body-representations might be modulated only by nearby auditory sources which convey adequate spatial information allowing participants to effectively locate their own action sounds (within two meters from the listener's head) [8] . We here show that the perceived reachable space is expanded by adaptation to audiotactile conflicts, and this expansion in turn causes a change in tactile distance perception. Our results also show the importance of temporal contingency between the action and its sensory effect, which is crucial for correct action attribution [9] , as well as the importance of the involvement of the kinaesthetic sense. Interestingly, the observed changes in perceived tactile distance were not accompanied by changes in the phenomenal experience of arm length suggesting that our manipulation affected aspects of an unconscious 'body-schema', rather than a conscious 'bodyimage' [10] . Our findings provide the first empirical evidence of a dependency of body-representation upon information from the auditory modality which completes previous research that addressed the contribution of visual, proprioceptive and tactile inputs to bodyrepresentation [1, 2] .
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